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The listing of claims will replace all prior versions, and listings, of claims in the application: 
Listing of Claims; 

1, (currently amended) A system for cleaning semiconductor wafers, the system comprising: 

a solvent delivery mechanism configured to provide a supercritical cleaning solution 

a process vessel in downstream fluid communication with the solvent delivery 
mechanism, said process vessel comprising a wafer support; and 

a recirculation system in fluid communication with the process vessel, said 
recirculation system comprising at least one flow distribution element 
configured to allow the supercritical cleaning solution to recirculate through the 
process vessel such that a flow field is established over at least one surface of a 
wafer or a plurality of wafers in the wafer support to thereby clean the surface 
or surfaces that contact the flow field, 

2, (original) The system of claim 1, wherein the solvent delivery mechanism comprises: 

a source of a sub-critical cleaning solvent or a sub-critical cleaning solution in a liquid 
state; 

an inlet configured to receive the sub-critical cleaning solvent or the sub-critical cleaning 
solution and deliver it to; 

a supercritical solution generator configured to convert the sub-critical cleaning solvent 
or the sub-critical cleaning solution into the supercritical cleaning solution; and 

an outlet configured to deliver the supercritical cleaning solution from the supercritical 
solution generator to the process vessel. 

3^ (original) The system of claim 2 7 further comprising an additive delivery mechanism, said 
additive delivery mechanism configured to provide a chemical additive to at least one of the sub- 
critical cleaning solvent th£> sub-critical cleaning solution, or the supercritical cleaning solution- 
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4. (original) The system of claim 2, wherein the supercritical solution generator comprises: 

a pump configured to pressurize the sub-critical cleaning solvent or the sub-critical 
cleaning solution to at least its critical point; and 

a heat exchanger in fluid communication with the pump, said heat exchanger configured 
to heat the sub-critical cleaning solvent or the sub-critical cleaning solution to at 
least its critical temperature. 

5. (original) The system of claim 4, further comprising: 

a pressure sensor configured to measure the pressure in the process vessel; and 

a pressure controller configured to control the pressure in the process vessel in response 
to pressure; information from the pressure sensor; 

wherein control is achieved by adjustment of at least one of the pump and the heat 
exchange?*, 

6. (original) The system of claim 4, wherein the solvent delivery mechanism further comprises a 
buffer vessel in downstream fluid communication with the heat exchanger, said buffer vessel capable 
of storing between about 5 and 25 times the volume of the supercritical cleaning solution than the 
combined volume of the process vessel and the recirculation system, 

7. (original) The system of claim 6, further comprising: 

a first pressure sensor configured to measure the pressure in the process vessel; 

a flow control valve in downstream fluid communication with the buffer vessel; and 

a first pressure controller configured to control the pressure in the process vessel in 
response to pressure information from the first pressure sensor; 

wherein control is achieved by adjustment of the flow control valve. 

8. (original) The system of claim 7 3 further comprising: 

a second pressure sensor configured to measure the pressure in the buffer vessel; and 
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a second pressure controller configured to control the pressure in the buffer vessel in 
response i;o pressure information from the second pressure sensor; 

wherein control is achieved by adjustment of at least one of the pump and the heat 
exchanges 

9. (original) The system of claim 3, wherein the recirculation system comprises the additive 
delivery mechanism, said additive delivery mechanism configured to provide the chemical additive 
to the supercritical cleaning solution, 

10. (original) The system of claim 1, wherein the recirculation system comprises: 

a pump configured to move the supercritical cleaning solution through the recirculation 
system; 

an inline static mixer configured to provide a circuitous path to the supercritical cleaning 
solution. 



1 1 . (original) The system of claim 1 0, wherein the recirculation system further comprises: 

a first particulate filter in upstream fluid communication with the pump, said first 
particulate filter configured to remove particulates from the supercritical cleaning 
solution before said supercritical cleaning solution enters the pump; and 

a second participate filter in upstream fluid communication with the process vessel, said 
filter configured to remove particulates from the supercritical cleaning solution 
before said supercritical cleaning solution enters the process vessel. 



12. (original) The system of claim 11, wherein the recirculation system further comprises a 
differential pressure transducer configured to measure the pressure in the recirculation system at a 
point upstream from the first particulate filter and at a point downstream from the second particulate 
filter. 
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13. (original) The system of claim 12, wherein pressure information from the differential pressure 
transducer is used to control flow of the supercritical cleaning solution through the recirculation 
system. 

14. (original) The system of claim 1, wherein the recirculation system comprises isolation valves 
fox stopping fluid communication of the recirculation system with the process vessel. 

15. (original) The system of claim 1, further comprising a depressurization system configured to 
vent the supercritical clearing solution from the system. 

16. (original) The system of claim 15, wherein the depressurization system is configured to vent the 
supercritical cleaning solution from the process vessel. 

17. (original) The system of claim 15, wherein the depressurization system comprises a plurality of 
control valves in parallel fluid communication, said plurality of control valves comprising: 

a first exhaust flow control valve configured to meter the release of the supercritical 
cleaning solution no faster than said supercritical cleaning solution can be 
introduced into the process vessel by the solvent delivery mechanism; 

a second exhaust control valve having a higher flow coefficient than the first exhaust 
control vailve; and 

a dump valve having a higher flow coefficient than the second exhaust control valve. 

18. (original) The system of claim 15, further comprising a solvent recycle system in downstream 
fluid co mmuni cation with the depressurization system, said solvent recycle system configured to 
capture vapor resulting from release of the supercritical cleaning solution by the depressurization 
system. 

19. (currently amended) The system of claim 18, wherein the solvent recycle system is further 
configured to purify sub-er tical media is - pmifi e d after capture to produce a recycled solvent 
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20. (currently amended) The system of claim 19, wherein the solvent recycle system is farther 
configured to deliver t he recycled solvent is-dclivcred t o the solvent delivery mechanism for use in 
production of the supercritical cleaning solution. 

21. (currently amended) The system of claim 19, wherein the solvent recycle system farther 
comprises at least one of a filter, a distillation device, a liquid-gas separation device or a semi- 
permeable membrane_to purify t he sub-critical medi a io purified by a method oomprifling at le as t one 
o - f - filtration, distillation, liqu id ga fl- phoGO -s epaKttion^and ' Uso of semi - permeabl e membrane s. 

22. (original) The system of claim X, wherein the process vessel comprises a first and a second 
plate, which when mated create a process cavity that encloses the wafer support. 

23. (original) The system of claim 22, wherein the process vessel comprises a corrosion resistant 
material. 

24. (original) The system of claim 23, wherein the corrosion resistant material comprises at least 
one of stainless steel, aluminum, titanium, hastelloy, and a nickel-iron alloy. 

25. (original) The system of claim 22, wherein the process cavity has a plurality of plenums 
configured to receive the supercritical cleaning solution from a process vessel inlet. 

26. (original) The system of claim 22, wherein the process vessel further comprises: 

a slot configured to allow insertion of the wafer or the plurality of wafers into the process 
vessel; and 

a door mechanism configured to seal the slot while the process vessel is charged with the 
supercritical solution. 
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27. (original) The system of claim 26, wherein tike door mechanism comprises a sealing mechanism 
configured to allow internal pressure in the process vessel to reinforce its sealing ability. 

28. (original) The system of claim 22, further comprising: 

a primary seal configured to form a fluid-tight seal between the first and second plates 
when mated; and 

a secondary seal configured to form a fluid-tight seal between the first and second plates 
when mated. 

29. (previously presented) The system of claim 28, wherein the primary seal is a pressure- 
energized bore seal* 

30. (original) The system of claim 28, wherein the primary seal is a spring-energized U-cup seal. 

3L (original) The system of claim 28, wherein the secondary seal comprises two or more distinct 
sealing members. 

32. (original) The system of claim 28, wherein the secondary seal comprises at least one of a metal 
gasket, an ekstomeric O-ring, a spring-energized U-cup, a T-seal, and a back-up seal. 

33. (currently amended) The system of claim 28, wherein the primary and secondary seals 
comprise at least one of Viton VlrOlST"*. EPDM, silicone, Kalroz KAT.REZ™, Chemrez 
CKEMREZ™. polyurethar_e, fluompolymer, aluminum, brass, copper, stainless steel, and nickel. 

34. (original) The system of claim 32, wherein the back-up seal comprises at least one of fiberglass- 
reinforced plastic, polyvinyl chloride, pvdf-Kynar, Delrin. 
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35. (original) The system of claim 25, farther comprising a plurality of flow distribution manifolds 
each dimensioned to m&lo with, one of the plurality of plenums, when mated, said plurality of 
plenums and flow distribution manifolds are configured to create the flow field* 

36. (original) The system of claim 35, wherein each of the plurality of flow distribution manifolds 
comprises a plurality of holes configured to direct flow of the supercritical cleaning solution from its 
corresponding plenum to the process cavity. 

37. (original) The system, of claim 35, wherein each of the plurality of flow distribution manifolds 
comprises a plurality of grooves configured to direct the flow of the supercritical cleaning solution 
from its corresponding plenum and onto an interior surface of the process cavity before flowing onto 
said at least one surface of the wafer or plurality of wafers. 

38. (original) The system of claim 37* wherein each of the plurality of grooves comprises between 
about 8 and 72 grooves, 

39. (original) The system of claim 38, wherein the angular interval between grooves is between 
about 5 and 45 degrees, 

40. (original) The system of claim 39, wherein the angle of tangency is between about 15 and 75 
degrees. 

41 . (original) The system of claim 35, wherein the plurality of flow distribution manifolds comprise 
al least one of stainless Stetfl, hastalloy, aluminum, titanium, and nickel-iron alloys. 

42* (original) The system of claim 1, wherein the wafer support comprises: 

a plurality of paint contacts configured to support the wafer or plurality of wafers while 
m a kin g minimal contact with the wafer or plurality of wafers; and 
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a plurality of wafer guides configured to position the wafer or plurality of wafers in the 
wafer support. 

43. (original) The system of claim 42, wherein the plurality of point contacts and wafer guides 
comprises at least one of quartz, ruby, sapphire, ceramic alumina, aluminum, and titanium. 

44. (original) The system of claim 1, wherein the wafer support comprises a wafer rotation 
mechanism, the wafer rotation mechanism configured to allow rotation of the wafer or plurality of 
wafers during processing. 

45. (original) The system of claim 44, wherein the wafer rotation mechanism comprises a 
magnetically coupled drive. 

46. (currently amended) The system of claim 1, wherein the rccirculation_ svstem is configured 
te-such that the flow field produces approximately equal fluid pressure and flow dynamics on both 
sides of the wafer or plurality of wafers. 

47. (original) The system of claim 1, wherein the process vessel comprises a heater configured to 
heat one or more walls of the process vessel. 

48. (original) The system of claim 1, wherein the recirculation system comprises a heater 
configured to maintain the temperature of the supercritical cleaning solution as it traverses the 
recirculation system. 

49. (original) The system of claim 3, wherein the process vessel comprises the additive delivery 
mechanism, said additive delivery mechanism configured to provide the chemical additive to the 
supercritical cleaning solution. 
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50. (original) The system of claim 3, wherein the solvent delivery mechanism comprises the 
additive delivery mechanism, said additive delivery mechanism configured to provide the chemical 
additive to the supercritical cleaning solution, 

51. (original) The system, of claim 3 7 wherein the recirculation system comprises the additive 
delivery mechanism, said additive delivery mechanism configured to provide the chemical additive 
to a solvent to produce the sub-critical cleaning solution. 

52. (original) The system of claim 3, wherein the additive delivery mechanism comprises a syringe 
pump configured to deliver a liquid to the supercritical cleaning solution without the supercritical 
cleaning solution losing its. supercritical state. 

53. (original) The system of claim 6, wherein the buffer vessel comprises a heater configured to 
maintain the temperature of the supercritical cleaning solution in the buffer vessel. 

54. (original) The system of claim 1, further comprising a pulsing mechanism coupled to at least 
one of the recirculation system and the process vessel, said pulsing mechanism configured to control 
the pressure of the supercritical cleaning solution to which the wafer or plurality of wafers are 
exposed in manner that provides a pulsed pressure distribution. 

55. (original) The system of claim 35, wherein the of plurality of flow distribution manifolds 
further comprises a plurality of contoured surfaces configured to mediate the flow field. 

56. (original) The system of claim 55, wherein the plurality of contoured surfaces comprises at least 
one of fins, chevrons, baffle, convexities, and concavities. 

57. (original) The system of claim 42, wherein each of the plurality of wafer guides are inclined at 
an angle of between about 60 and 85 degrees to the vertical (perpendicular to the wafer support 
surface) and are arranged around the periphery of the wafer or each of the plurality of wafers. 
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58. (original) The system of claim 11, wherein the first and second particulate filters are self- 
cleaning filters. 

59. (original) The system of claim 35, -wherein at least one of the plurality of flow distribution 
manifolds is a showerhead. 

60-111. (cancelled) 
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